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THE EMERGING LOW-DOSE THERAPY FOR ADVANCED CANCERS

Jahangir Satti
Albany, NY

䊐

Department of Radiation Oncology, Albany Medical Center,

䊐 Generally minute doses of drugs have been prescribed in biotherapies, homeopathy,
immunization and vaccinations for centuries. Now the use of low doses of drugs is on the
rise to combat serious diseases such as advanced cancers around the world. This new therapeutic approach to address solid tumors and other advanced diseases is a departure from
the conventional use of maximum dose protocol. A small dose of the prescribed drug is
frequently administered in a continuous fashion, at regular intervals, either as a standard
treatment or as a maintenance therapy for a long time. However, this new treatment
method lacks any standard for drug quantization, dose fractionation, repetition frequency and duration of a treatment course for an individual patient. This paper reviews literature about metronomic therapy and discusses hormesis: both phenomena occur in low
dose ranges. Better mathematical models, computer simulations, process optimization
and clinical trials are warranted to fully exploit the potential of low dose metronomic therapy to cure chronic and complicated diseases. New protocols to standardize metronomic
dosimetry will answer the age old questions related to hormesis and homeopathy. It
appears that this new low-dose metronomic therapy will have far reaching effects in curing chronic diseases throughout the world.
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BACKGROUND INTRODUCTION

The chronic diseases are now considered the major causes of physical
disabilities and deaths worldwide. According to a World Health
Organization (WHO) report, the chronic maladies around the world
account for 59% of deaths and 46% for global burden of diseases annually (WHO 2008). The annual cost of treatment for chronic diseases was
$277 billion and lost productivity reached over one trillion dollars in the
USA alone during 2003. The incidences of chronic degenerative diseases
affect every strata of population around the globe. The rise in cancer incidences has reached an epidemic level in the developing world. Most
developing countries lack finances, infrastructure and expertise either to
diagnose or to treat the advanced degenerative diseases affecting their
growing populations (Bosanquet and Sikora 2004; Chirikos 2002;
Tassinari et al. 2006). Hence there is an urgent demand to explore alter-
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native therapies and methodologies to address the health problems at all
levels across the world.
Cancer is a hydra-headed chronic malady which produces pathological changes in a biological system. Such pathological changes are initiated at cellular levels. There are over two hundred types of cells in an average human body. Coincidently, there are about two hundred known types
of cancers among human diseases repertory. A cancerous process may
take at least a decade to grow to a detectable size. The typical predisposing cancer symptoms include melancholia and depression. A physician
would be reluctant to administer any chemical drug or radiation therapy
to a pre-cancerous patient simply because of the severe side effects associated with conventional Maximum Tolerable Dose (MTD) protocol.
Furthermore, the above described symptoms may also be found in other
common chronic diseases which do not require prescription of high
chemo or radiation doses. However, conventional treatment approach
toward chronic diseases may change if minimum-dose therapy protocol is
adopted in routine clinical practice at an earlier disease stage.
A normal living cell inside a healthy body is able to tolerate a hundredfold potent drug dose compared to a single cell placed in a Petri
dish. An injured cell inside a healthy body tries to repair and heal itself.
An incurable cell is most likely to commit suicide during subsequent cell
division processes. This altruistic behavior among living healthy cells is to
protect the rest of the body from growing unwanted mutated cells. But at
the same time, any living organism cannot evolve and adapt without controlled cellular mutations and differentiations. Hundreds of cancer
laden mutations take place per day in a healthy normal size human
body(Cameron and Moulder 1998).
These mutations are essential for the growth of our biological system.
A healthy body cleanses itself of those mutated cells which fail to adapt to
the new temporal-spatial conditions. If unnecessary stimulations repeatedly assault a normal cell for a long time and the body fails to adjust with
necessary changes then hyperplasia takes place. A resilient healthy cell
would take on average two to three years before it can develop into a
hyperplastic state. Normally, a healthy system has sufficient time to recover from such mutations within hours.
Hyperplasia is not detectable with any of our existing diagnostic tools.
If the unwanted stimulatory process continues for an additional two to
three years, then the cell develops into dysplasia. Still it is considered a
precancerous stage, which is not detectable through any existing means.
It will take further two to three years for a dysplastic cell to develop into
an in-situ cancer.
Our current biomedical and biochemical diagnostic tools can detect
a cancerous mass only when it reaches an advanced stage. The conventional non-invasive diagnostic tools to detect cancer consist of ionizing
209
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and non-ionizing radiations such as x-ray, Magnetic Resonance Imaging
(MRI) and Ultra Sound (US). These diagnostic modalities use tiny particles/signals/waves which can cross through the living organism and produce images for analysis. However, these tools fail to detect small size
tumors (Curry III et al. 1990).
The typical resolution of an x-ray image is about 3 millimeters (mm)
in diameter. This x-ray resolving power grows worse in larger structures
such as in the thoracic and pelvic regions where a minimum detectable
size increases to 7 mm in diameter. A typical cancer cell has a diameter of
about 10 micron (μm). It is estimated that there can be millions of cancer cells in a 3 mm tumor mass.
Oncologists have revised the classification of chronic diseases in an
effort to address them at an earlier stage (Rost 2008). This modified early
chronic disease treatment approach will only become possible after new
technologies and low-dose protocols are applied. Today, researchers are
investigating the application of nanotechnology for early diagnosis, drug
processing and delivery of medicine to cure chronic diseases and
advanced cancers in the near future.
The eradication of disease with relatively few side effects is the prime
objective of every physician. Frustrated with conventional MTD outcomes, now physicians are increasingly resorting to the frequent repetition of low-dose chemotherapy administered regularly for a longer time.
This methodology is described in the medical literature as Low Dose
Metronomic Therapy (LDMT). It is expected that low-dose strategy may
also produce better outcomes in patients suffering with chronic diseases.
Such diseases, if left uncured at an earlier stage, are likely to progress into
malignancies with the passage of time. Man et al. 2002 had reported the
effectiveness and safety of the chemotherapeutic drug, cyclophosphamide at low doses, used on human orthotopic breast or ectopic colon
cancer xenografts in nude or SCID mice. They conjectured that other
drugs at low doses are likely to produce similar beneficial effects with less
toxicity. After finding encouraging results in experimental animals,
Kerbel et al. 2002, wrote an editorial about moving low-dose therapy from
laboratory to clinical trials. Since then scores of research papers have
reported encouraging results produced by LDMT as an anti-angiogenetic therapy in breast cancer patients alone (Colleoni et al. 2005; Colleoni
2006; duManoir et al. 2006; Mancuso et al. 2006).
Recently, Kamat et al. 2007 have studied the effects of low-dose
chemotherapeutic drugs on ovarian cell lines in mouse model. They used
about 60% of MTD of paclitaxel in HeyA8 cells, 50% of the MTD in
SKOV3ipl cells, 6% of the MTD in HUVEC endothelial cell lines and
2.5% of the MTD in MUEC endothelial cell lines. The docetaxel dose in
LDMT study was 35% and 32% of the MTD in HeyA8 and SKOV3ipl cell
lines respectively. The use of docetaxel in endothelial cell line was only
210
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2% for HUVEC and 6% for MUEC respectively. They have reported excellent clinical results and insignificant toxicity with LDMT in their experiment (Kamat et al. 2007).
The low-dose chemotherapeutic research for cancer patients began
in 1972. All major pharmaceutical companies were involved in research
and development of anti-angiogenetic drugs by 2002 (Brower, 2003). The
strategy in anti-angiogenetic therapy is to attack the cancer-feeding
endothelial vasculatures as well as the solid tumor itself. Gasparini has
conducted scientific debate on the strategy, drug development and clinical indications for anti-angiogenetic agents and their scheduling
(Gasparini, 1997, 2001).
Those physicians who seek the best care for their patients habitually
keep themselves abreast of new findings. Such physicians in cancer care
are gradually gearing toward this new low-dose methodology. By evaluating the positive early findings of anti-angiogenesis model, Miller has projected significant beneficial impacts to treat breast cancer with low dose
therapy in routine clinical practice (Miller, 2004). Benefits related to lowdose chemo as a maintenance therapy for a long period of time has been
reported in clinical practice (Munoz et al., 2005). There have been
reports of superior results with smaller doses in advance metastatic breast
cancers, too (Munoz et al. 2006). A description about angiogenesis can be
found in reference (Folkman, 2003).
Low-dose chemotherapy has been documented as an efficacious
modality in ovarian cancers (Kamat et al. 2007; Garcia et al. 2008). Franchi
et al. 2007 have reported that repetition of low-dose cancer drugs continuously for some time has low toxicity. They observed low toxicity associated with metronomic therapy in those patients suffering with advanced
cancer who refused the aggressive standard therapies (Franchi et al.
2007). They urged an evaluation of the low-dose system and questioned
the benefits of existing high-dose strategy over it. After critical analysis,
Baruchel and Stempak, 2006, have concluded that low-dose metronomic
chemotherapy is a clinical reality in the making.
Low-dose therapy acts as a double-edge sword against cancer: it
attacks both the tumor-feeding endothelial vasculatures and the solid
tumor. Shimizu and Oku, 2004, have reported that metronomic therapy
spans over different phases of diseases which exist in precancerous states
in human organism.
LESS IS MORE BUT HOW MUCH LESS?

Specific research in cancer has discovered the promising beneficial
effects of micronutrients found in spices, herbs, conventional drugs and
common foods. However, the correct dose, either as chemopreventive or
therapeutic, has remained elusive to the scientific community. Scientists
have found in various cancer research studies that small doses of
211
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chemotherapy administered for a long period of time showed promising
results in mouse models (Hanahan et al. 2000; Kamen et al. 2000; Kamen,
2005; Kamen, et al. 2006; Piccart-Gebhart, 2003). Young et al. 2006, have
reported that low dose combination therapies proved beneficial in various advanced solid tumors with minimal toxicity to patients.
Unfortunately, there is no “minimum-dose” standard defined for chemical drugs or ionizing radiation in medical literature. This is due mainly to
the multiphase dose response in living organisms. One such example is
arsenic trioxide (As2O3), now a standard chemotherapeutic drug used to
treat Acute Promyelocytic Leukemia (APL). Interestingly, the drug is now
being tested to treat other solid tumors. Arsenic Trioxide, like many other
drugs, produces multiphase effects in cancer patients (Liu et al. 2006).
Bertolini et al. 2003, have reported that As2O3 produces opposite effects
on circulating endothelial progenitor cells when used at concentrations
of MTD and LDMT.
Earlier, Bocci et al. 2002, pointed out that low-dose As2O3 has different narrow windows of actions in varied concentrations for human
endothelial cells. Arsenic trioxide can either promote or inhibit angiogenesis, based on the amount of the dose (Soucy et al. 2003, Snow et al.
2005). We do know there exists a narrow window for each drug to produce specific reactions in a particular living organism. In that cancer cells
are not an integral part of the natural organization of a living system, they
respond differently to different stimulus, such as heat or specific doses of
a drug. Below a specific dose, the cancer cells cease to respond. Such a
study has been conducted by Walchli, et al. 2006 in which they have found
normal primary lymphocytes responded to highly diluted homeopathic
remedies, whereas, cancerous lymphocytes did not respond to such dilutions at all.
NANO PARTICLES

Drug-induced effects on living organisms can be further enhanced by
modifying the drug manufacturing methods. New manufacturing
processes can improve the bioavailability of active ingredients, even at
lower drug concentrations. Such techniques can also enhance the biological effects, even with smaller doses. These novel strategies are likely to
introduce new challenges to low-dose therapies. One such drug manufacturing process is based on nano technology. The nano particles are distributed over a wide area, which improves their surface chemistry for
optimal reactions—proving to be much greater compared to bulk-scale
chemicals. Fukai et al. 2006 have reported that As2O3 at nano-molar concentrations, as opposed to micro-molar, is sufficient to produce significant therapeutic effects in APL cells, provided other natural sources of
arsenic, such as found in seafood, are restricted for a few days (Fukai et al.
2006). It is interesting to note that such dose-dependent multiphase bio212
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logical reactions are not limited to particular chemical drugs. Dosedependent dual effects have also been found in common herbal medicine (Barajas-Farias et al., 2006, Jimenez-Medina et al., 2006).
The resolution of a correct chemical concentration of a drug in lowdose chemotherapy is a challenge to both researchers and clinicians. Lam
et al. 2006 have called on the scientific community to develop tangible scientific methodologies for metronomic therapy. They fear that mere simple empiricism may give rise to skepticism (Lam et al. 2006). The issue of
dose strength becomes more complicated when combination drugs are
used in cancer treatment. Yap et al. 2005 have showed that complementing various cancer drugs in small doses can produce optimal treatment
results in mice, modeled after prostate cancer. Cancer researchers have
also found that a combination of chemotherapy bolus dose and low oraldose treatment makes the best strategy to combat cancer on a long-term
basis in a human melanoma grown subdermally in nude mouse model
(Shaked et al. 2005a).
Maraveyas et al. 2005 have questioned if any rationale dose strength
can be designed for small-dose therapy. Drug quantization for low-dose
therapy is the core problem because a multitude of biological reactions,
such as stimulation, feedback, compensation, apoptosis, etc., have very
narrow windows specific to individual constitution and the chemical concentration of a particular drug in the low-dose region. The search for
optimal low-dose drug standardization is an ongoing unsettled issue in
the medical community (Adjei, 2006).
ANTI-ANGIOGENESIS

An alternative approach to treat cancer is to attack the endothelial
vasculature, which supplies nutrients to a tumor. This approach also
requires smaller drug doses, compared to conventional MTD protocol.
Shaked et al. 2005b have proposed the optimal dose associated with angiogenetic activity. The anti-angiogenetic therapy is claimed to be safe. It
does not seem plausible that anti-angiogenetic therapy is absolutely free
of any side effects. This strategy has its own shortcomings, due mainly to
a time-dose fractionation schedule and the amount of dose of a particular drug appropriate to an individual patient. Chemotherapeutic drugs
produce coagulation as an unwanted side effect in an antiangiogentic
therapy. Ma et al. 2005 have expected that the use of low-dose chemotherapy would reduce the incidence of adverse clotting effects. Rozados et al.
2004 have claimed that low dose chemotherapy produced regression in
rat tumors without any toxicity. But De Pas et al. 2005 have recommended an extensive study to ascertain the long-term real effects in metronomic therapy. Emmenegger et al. 2004 produced a detailed comparison
of toxic effects between LDMT and MTD for Cyclophosphamide on highly sensitive tissues.
213

https://scholarworks.umass.edu/dose_response/vol7/iss3/4

6

Satti: Emerging low-dose therapy for advanced cancers

J. Satti

BEYOND HORMESIS

Hormesis is defined as the low-dose stimulatory and high-dose
inhibitory processes observed in biological systems. An extensive literature database comprising hormesis is available in research journals and
on the Web. As of June 10, 2008, the PubMed database search, containing the name “hormesis” returned 572 papers in medical journals. The
word ”metronomic” in the same database yielded only 210 published articles. Like metronomic therapy, hormesis occurs in low-dose radiation
energies and chemical concentrations.
Unlike hormesis, low-dose metronomic therapy is a new concept with
claims of better effects, few to no side effects, and inexpensive. It is
expected to radically change the practice of medicine related to chronic
diseases in the future. Both metronomic therapy and hormesis take place
in the low-dose chemical regions. Hormesis is generally considered a
biphasic biological phenomenon that can result from stimulatory, compensatory, feedback or simple cellular repair processes (Calabrese, 2004).
On the other hand, a different set of diseases requires a different mode
of cellular reactions to heal a sick body. For example, an immune-stimulating process may be needed to heal an infection or cancer. On the other
hand, immune boosting is usually discouraged in auto-immune diseases
such as rheumatism. A cellular compensatory process may be deemed
necessary to repair endocrinal systems.
It has been observed that a living organism develops resistance
through different reactive mechanisms after being exposed to subtoxic
doses of radiation and chemicals (Macklis and Beresford, 1991, Davies et
al. 2006). Evolution of such a biological robustness in a living system is
possible at different levels, i.e., DNA to organ levels. Minute amount of
viruses can stimulate the DNA, which in turn affects the cell, organ and
subsequently the entire body. Biological reactions induced with subtoxic
doses are the multiphase stimulatory processes which result from interaction between the body's cellular systems and the energy supplied by a
drug interaction or radiation exposure. The exact dose of a particular
chemical to induce a specific kind of reaction in a particular biological
system has not yet been quantified in scientific literature. It appears that
diseases involving sluggish biological reactions are most likely to benefit
from the biological reactive phenomenon such as hormesis. However,
classification of such diseases, the health status of an individual, the
amount of drug, its possible mode of administration and the expected
stimulatory processes and their possible outcomes must be spelled out in
concrete research settings.
On the other hand, hormetic effects induced by common foods are
undisputedly recognized as health benefits in the scientific community
(Mattson and Cheng, 2006). Hormetic benefits have also been realized in
214
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subjects under stress, annoyance and noise (Rylander, 2004). Such beneficial effects are due to cellular compensatory responses to external stimulus. Again, the nature of cellular reaction depends on the amount of
dose, time of administration, biological status of the organism and the
previous levels of exposure to same or similar stimulants.
Hormetic benefits induced in one cell can also produce useful effects
in bystander cells. Similarly, stimulation of one system can produce certain effects in another connected system in an integrated environment
such as the human body. For example, any improvement in the respiratory system can enhance the cardiovascular efficiency by virtue of elevated oxygen uptake in the alveoli. This can lead to an efficient production
and utilization of energy at the (w)holistic level. In a nutshell, bio-effects,
such as hormesis, deserve due attentions as their unique integrated
dynamical effects on living organisms can help heal the chronic diseases
with less toxicity to the ailing body. Cuttler 2007 has rightly questioned
the common sense for ignoring the role of low-dose effects on living
organism. But realization of such a new approach to heal the sick in an
established conventional medical practice is an uphill battle.
Biological effects based on nonlinear dose-response models, such as
in hormesis, have been under severe criticism by various groups for a variety of reasons. Such a stereotypical attitude toward hormesis has so far
made it unlikely to form the foundation of low-dose therapy in its present
form (Thayer et al. 2005, Mushak, 2007). However, such an attitude is likely to change in the era of emerging metronomic therapy. The low-dose
issue poses a great challenge to define the drug-dose decision for clinical
practice, especially in metronomic therapy (Thayer et al. 2005, Lutz et al.
2005). Some of the information about cell stress and hormesis at molecular levels is well known but their concrete utilization in routine clinical
practice has thus far been elusive (Agutter, 2007).
It appears there is an overlap of dose response between hormesis phenomenon and metronomic therapy in that both occur in the low-dose
regions, as defined by the MTD standards. Standardization of drug-dose
protocol for metronomic therapy will greatly pave the way toward recognizing the beneficial effects of hormesis in a biological system. A team of
researchers have tried to scientifically elaborate hormesis with reference
to dose-response phenomenon (Calabrese and Blain, 2005; Calabrese et
al. 2007). There are many unanswered questions, such as time-dose fractionations, when it comes to applications of hormesis in routine clinical
practice. Calabrese 2007 has expressed a great deal of frustration at the
absence of such a clear-cut dose demarcation and lack of quantitative
models in hormesis.
Calabrese and Baldwin 1998 have proposed hormesis as a possible
biomedical hypothesis in a rigorous fashion. Cancer can also be initiated
due to continued stimulatory processes, which generate multiple muta215
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tions in single or multiple cells. Kinoshita et al. 2006 have discussed the
implications of hormesis in carcinogenesis. This murky area needs crystal clear analytical foundations to develop a drug dose-based effective
therapy for routine clinical practice. Stumpf 2006 has correctly pointed
out it is not a linear issue. Doses differ quantitatively and qualitatively in
their actions on a living organism. There is no lack of enthusiasm to utilize the hormetic phenomenon in clinical practice. Yun et al. 2005 have
hypothesized to utilize the compensatory response of cells to treat chronic diseases. All the objectives require a comprehensive planning framework at pharmaceutical, biological, therapeutic and clinical levels.
CONCLUSION

The research database concerning continuous administration of lowdose chemotherapy reveals compelling evidence of its effectiveness and
superior clinical results in cancer patients.
The use of low-dose chemotherapy for advanced cancers is on the
rise. The main reasons, among others, for the new strategy are its reported effectiveness, alleged little to no toxicity and relative economic benefits (Bocci et al. 2005). The biological responses at low doses are known to
the scientific community in the form of hormesis, homeopathy, immunization and vaccination practices. The drug concentrations in homeopathy can be extremely small, which sometimes lead beyond the possibility of finding a single drug atom or molecule in an entire bottle.
Furthermore, there is no established drug standardization metric for its
dilutions in homeopathy (Satti, 2005). However, homeopathic drugs are
intended to produce reactions in a sick person. Such a reaction can be
initiated with extremely small amounts. Hormesis, on the other hand, is
a biological reaction that can also be initiated in a normal healthy system
(Chen et al. 2006). A potent dose of a drug is required to produce any
reaction in a healthy system. The dose can be more potent than the drug
dose used in homeopathy. The normal amount of drug dose used in
metronomic therapy must be sufficiently potent to kill an unwanted cancer cells. However, such drug-dose concentration is much less than the
MTD. It appears that the dose concentration levels in hormesis and
LDMT are comparable or overlap considering their similar actions at cellular levels.
The current trend of using low-dose therapy in advanced cancers is
likely to steadily rise in the future because of its effectiveness, low toxicity and affordability. But the issues of time-dose fractionation are still
greatly unresolved. A great deal of scientific literature is available about
low dose effects, commonly known as hormesis. There is a need to develop new models, conduct simulations and run clinical trials to fully exploit
the low-dose potential against chronic diseases, especially cancer.

216

Published by ScholarWorks@UMass Amherst, 2014

9

Dose-Response: An International Journal, Vol. 7 [2014], Iss. 3, Art. 4

Emerging low-dose therapy for advanced cancers

REFERENCES
Adjei AA. 2006. What is the right dose? The elusive optimal biologic dose in phase I clinical trials.
Journal of Clinical Oncology 24(25):4054-4055.
Agutter PS. 2007. Cell mechanics and stress: from molecular details to the ”universal cell reaction”
and hormesis. BioEssays 29:324–333.
Baruchel S and Stempak D, 2006. Low-dose metronomic chemotherapy: Myth or Truth? Onkologie.
29:305-307.
Barajas-Farias LM, Pérez-Carreón JI, Arce-Popoca E, Fattel-Fazenda S, Alemán-Lazarini L,
Hernández-García S, Salcido-Neyoy M, Cruz-Jiménez FG, Camacho J, Villa-Treviño S. 2006. A
dual and opposite effect of calendula officinalis flower extract:chemoprotector and promoter
in rat hepatocarcinogenesis model, Planta Med;72:217-221.
Bertolini F, Paul S, Mancuso P, Monestiroli S, Gobbi A, Shaked Y, and Kerbel RS. 2003. Maximum tolerable dose and low-dose metronomic chemotherapy have opposite effects on the mobilization
and viability of circulating endothelial progenitor cells. Cancer Research 63:4342–4346.
Bocci G, Nicolaou KC, and Kerbel RS. 2002. Protracted low-dose effects on human endothelial cell
proliferation and survival in vitro reveal a selective antiangiogenic window for various
chemotherapeutic drugs. Cancer Research 62:6938–6943.
Bocci G, Tuccori M, Emmenegger U, Liguori V, Falcone A, Kerbel RS, and Del Tacca M. 2005.
Cyclophosphamide–methotrexate ”metronomic” chemotherapy for the palliative treatment of
metastatic cancer. A comparative pharmacoeconomic evaluation. Ann Oncol 16:1243–1252.
Bosanquet N, Sikora K. 2004. The economics of cancer care in the UK. Lancet Oncol 5:568–574.
Brower V. 2003. Less is more. EMBO 4(9):831-834.
Calabrese EJ, and Baldwin LA. 1998. Hormesis as a biological hypothesis. Environ Health Perspect
106(Suppl 1):357-362.
Calabrese EJ, 2004. Paradigm lost, paradigm found: The re-emergence of hormesis as a fundamental
dose response model in the toxicological sciences. Environmental Pollution. 138:378-411
Calabrese EJ, and Blain R. 2005. The occurrence of hormetic dose responses in the toxicological literature, the hormesis database: an overview, Toxicology and Applied Pharmacology 202:289–
301.
Calabrese EJ, Bachmann KA, Bailer AJ, Bolger PM, Borak J, Cai L, Cedergreen N, Cherian MG,
Chiueh CC, Clarkson TW, Cook RR, Diamond DD, Doolittle DJ, Dorato MA, Duke SO,
Feinendegen L, Gardner DE, Hart RW, Hastings KL, Hayes AW, Hoffmann GR, Ives JA,
Jaworowski Z, Johnson TE, Jonas WB, Kaminski NE, Keller JG, Klaunig JE, Knudsen TB,
Kozumbo WJ, Lettieri T, Liu S-Z, Maisseu A, Maynard KI, Masoro EJ, McClellan RO, Mehendale
HM, Mothersill C, Newlin D, Nigg HN, Oehme FW, Phalen RF, Philbert MA, Rattan SIS, Riviere
JE, Rodricks J, Sapolsky RM, Scott BR, Seymour C, Sinclair DA, Smith-Sonneborn J, Snow ET,
Spear L, Stevenson DE, Thomas Y, Tubiana M, Williams GM, Mattson MP. 2007. Biological stress
response terminology: Integrating the concepts of adaptive response and preconditioning stress
within a hormetic dose–response framework. Toxicol. Appl. Pharmacol. 222(1):122–128.
Calabrese EJ. 2007. Threshold—dose—response model—RIP: 1911 to 2006. Bioessays 29:686–688.
Cameron JR and Moulder JE, 1998. Proposition: Radiation hormesis should be elevated to a position
of scientific respectability. Medical Physics. 25(8).1407-1410.
Chen WL, Luan YC, Shieh MC, Chen ST, Kung HT, Soong KL, Yeh YC, Chou TS, Mong SH, Wu JT,
Sun CP, Deng WP, Wu MF, Shen ML. 2006. Effects of cobalt-60 exposure on the health of Taiwan
residents suggest new approach needed in radiation protection. Dose Response. 5(1):63-75.
Chirikos TN. 2002. Cancer economics: on variations in the costs of treating cancer. Cancer Control
9:59–66.
Colleoni M, Gelber S, and Goldhirsch A. 2005. Treatment of advanced breast cancer: the good, the
bad and the ugly. Ann Oncol 16:1219–1221.
Colleoni M, Orlando L, Sanna G, Rocca A, Maisonneuve P, Peruzzotti G, Ghisini R, Sandri MT,
Zorzino L, Nole F, Viale G and Goldhirsch A. 2006. Metronomic low-dose oral cyclophosphamide and methotrexate plus or minus thalidomide in metastatic breast cancer: antitumor
activity and biological effects, Annals of Oncology 17:232–238.
Curry III TS, Dowdey JE, and Murry Jr. RC. 1990. Christensen’s Physics of Diagnostic Radiology.
Williams & Wilkins, Baltimore, USA.
Cuttler JM. 2007. Health effects of low level radiation: when will we acknowledge the reality? DoseResponse 5:292–298.

217

https://scholarworks.umass.edu/dose_response/vol7/iss3/4

10

Satti: Emerging low-dose therapy for advanced cancers

J. Satti
Davies J, Spiegelman GB, and Yin G. 2006. The world of subinhibitaroy antibiotic concentrations.
Current Opnion in microbiology. 9:445-453.
De Pas T, Colleoni M, Orlando L, Masci G, Rocca A, Catania C, Curigliano G, Manzoni S, Goldhirsch
A, and de Braud F. 2005. Reply to the article “Metronomic therapy with cyclophosphamide
induces rat lymphoma and sarcoma regression, and is devoid of toxicity” by V. R. Rozados et al.
Ann Oncol 2004;15: 543–1550) … and in humans? Annals of Oncology 16: 673–677. duManoir
JM, Francia G, Man S, Mossoba M, Medin JA, Viloria-Petit A, Hicklin DJ, Emmenegger U, and
Kerbel RS. 2006. Strategies for delaying or treating in vivo acquired resistance to trastuzumab in
human breast cancer xenografts. Clin Cancer Res 12(3):904–916.
Emmenegger U, Man S, Shaked Y, Francia G, Wong JW, Hicklin DJ, and Kerbel RS. 2004. A comparative analysis of low-dose metronomic cyclophosphamide reveals absent or low-grade toxicity on
tissues highly sensitive to the toxic effects of maximum tolerated dose regimens. Cancer
Research 64:3994–4000.
Folkman J. 2003. Fundamental concepts of the angiogenic process. Current Molecular Medicine
3:643-651.
Franchi F, Grassi P, Ferro D, Pigliucci G, De Chicchis M, Castigliani G, Pastore C, and Seminara P.
2007. Antiangiogenic metronomic chemotherapy and hyperthermia in the palliation of
advanced cancer. European Journal of Cancer Care 16:258–262.
Fukai Y, Hirata M, Ueno M, Ichikawa N, Kobayashi H, Saitoh H, Sakurai T, Kinoshita K, Kaise T, Ohta
S., 2006. Clinical pharmacokinetic study of arsenic trioxide in an acute promyelocytic leukemia
(APL) patient: speciation of arsenic metabolites in serum and urine. Biol Pharm Bull.
May;29(5):1022-7.
Garcia AA, Hirte H, Fleming G, Yang D, Tsao-Wei DD, Roman L, Groshen S, Swenson S, Markland F,
Gandara D, Scudder S, Morgan R, Chen H, Lenz HJ, and Oza AM. 2008. Phase II clinical trial
of bevacizumab and low-dose metronomic oral cyclophosphamide in recurrent ovarian cancer:
A trial of the California, Chicago, and Princess Margaret Hospital Phase II Consortia, J Clin
Oncol 26:76-82.
Gasparini G. 1997. Antiangiogenic drugs as a novel anticancer therapeutic strategy Which are the
more promising agents? What are the clinical developments and indications? Critical Reviews in
Oncology: Hematology 26:147–162.
Gasparini G. 2001. Metronomic scheduling: the future of chemotherapy? Lancet Oncol; 2:733–740.
Hanahan D, Bergers G, and Bergsland E. 2000. Less is more, regularly: metronomic dosing of cytotoxic drugs can target tumor angiogenesis in mice. The Journal of Clinical Investigation
105(8):1045-7.
Jiménez-Medina E, Garcia-Lora A, Paco L, Algarra I, Collado A, Garrido F. 2006. A new extract of the
plant Calendula officinalis produces a dual in vitro effect: cytotoxic anti-tumor activity and lymphocyte activation. BMC Cancer. 5:1-14.
Kamat AA, Kim TJ, Landen CN Jr., Lu C, Han LY, Lin YG, Merritt WM, Thaker PH, Gershenson DM,
Bischoff FZ, Heymach JV, Jaffe RB, Coleman RL, and Sood AK. 2007. Metronomic chemotherapy enhances the efficacy of antivascular therapy in ovarian cancer. Cancer Res. 67(1):281–8.
Kamen BA, Glod J, Cole PD. 2006. Metronomic therapy from a pharmacologist’s view. J Pediatr
Hematol Oncol 28(6):325-7.
Kamen BA, Rubin E, Aisner J, and Glatstein E. 2000. High-time chemotherapy or high time for low
dose. Journal of Clinical Oncology 18(16):2935-2937.
Kamen BA. 2005. Metronomic therapy it makes sense and is patient friendly. J Pediatr Hematol
Oncol. 27:571-572.
Kerbel RS, Klement G, Prithard KI and Kamen B. 2002. Continuous low-dose antiangiogenic metronomic chemotherapy: from the research laboratory into the oncology clinic. Annals of
Oncology 13:12-15.
Kinoshita A, Wanibauchi H, Wei M, and Fukushima S. 2006. Hormesis in carcinogenicity of nongenotoxic carcinogens. J Toxicol Pathol 19:111-122.
Lam T, Hetherington JW, Greenman J, and Maraveyas A. 2006. From total empiricism to a rational
design of metronomic chemotherapy phase I dosing trials, Anti-Cancer Drugs 17:113–121.
Liu B, Pan S, Dong X, Qiao H, Jiang H, Krissansen GW and Sun X. 2006. Opposing effects of arsenic
trioxide on hepatocellular carcinomas in mice. Cancer Sci. 97:675–681.
Lutz WK, Gaylor DW, Conolly RB, and Lutz RW. 2005. Nonlinearity and thresholds in dose–response
relationships for carcinogenicity due to sampling variation, logarithmic dose scaling, or small
differences in individual susceptibility. Toxicology and Applied Pharmacology 207:S565 – S569.

218

Published by ScholarWorks@UMass Amherst, 2014

11

Dose-Response: An International Journal, Vol. 7 [2014], Iss. 3, Art. 4

Emerging low-dose therapy for advanced cancers
Ma L, Francia G, Viloria-Petit A, Hicklin DJ, du Manoir J, Rak J, and Kerbel RS. 2005. In vitro procoagulant activity induced in endothelial cells by chemotherapy and antiangiogenic drug combinations: modulation by lower-dose chemotherapy. Cancer Res 65(12):5365-73.
Macklis RM and Beresford B. 1991. Radiation hormesis. The J of Nuclear Medicine. 32(2):350-359.
Man S, Bocci G, Francia G, Green SK, Jothy S, Hanahan D, Bohlen P, Hicklin DJ, Bergers G, and
Kerbel RS. 2002. Antitumor effects in mice of low-dose (Metronomic) cyclophosphamide
administered continuously through the drinking water. Cancer Research. 62:2731–2735.
Mancuso P, Colleoni M, Calleri A, Orlando L, Maisonneuve P, Pruneri G, Agliano A, Goldhirsch A,
Shaked Y, Kerbel RS, and Bertolini F. 2006. Circulating endothelial-cell kinetics and viability predict survival in breast cancer patients receiving metronomic chemotherapy, Blood 108:452-459.
Maraveyas A, Lam T, Hetherington JW, and Greenman J. 2005. Letter to the Editor: Can a rational
design for metronomic chemotherapy dosing be devised? British Journal of Cancer
92:1588–1590.
Mattson MP, and Cheng A. 2006. Neurohormetic phytochemicals: low-dose toxins that induce adaptive neuronal stress responses. Trends in Neurosciences 29(11):632-39.
Miller KD. 2004. Commentary: Recent translational research: antiangiogenic therapy for breast cancer – where do we stand? Breast Cancer Res 6:128-132.
Munoz R, Man S, Shaked Y, Lee CR, Wong J, Francia G, and Kerbel RS. 2006 Highly efficacious nontoxic preclinical treatment for advanced metastatic breast cancer using combination oral UFT
cyclophosphamide metronomic chemotherapy. Cancer Res 66(7):3386-3391.
Munoz R, Shakeda Y, Bertolinic F, Emmeneggera U, Mana S, Kerbel RS. 2005. Anti-angiogenic treatment of breast cancer using metronomic low-dose chemotherapy, The Breast. 14:466–479.
Mushak P. 2007. Hormesis and its place in non monotonic dose-response relationship: some scientific reality checks. Environ Health Prespect. 115:500-506.
Piccart-Gebhart MJ. 2003. Mathematics and oncology: A match for life? Journal of Clinical Oncology
21(8):1425-1428.
Rost EC., 2008. The medical community must investigate broader use of positron emission tomography to maximize its treatment-planning capabilities. Enterprise Imaging and Therapeutic
Radiology Management 18(3):44-47.
Rozados VR, Sanchez AM, Gervasoni SI, Berra HH, Matar P, and Scharovsky OG. 2004. Metronomic
therapy with cyclophosphamide induces rat lymphoma and sarcoma regression, and is devoid
of toxicity. Annals of Oncology 15:1543–1550.
Rylander R. 2004. Noise, stress and annoyance. J Sound Vibr 277:471-478.
Satti, JA. 2005. Homeopathic Drug Standardization. Semin Integr Med 3(4):113-122.
Shaked Y, Emmenegger U, Francia G, Chen L, Lee CR, Man S, Paraghamian A, Ben-David Y, and
Kerbel RS. 2005a. Low-dose metronomic combined with intermittent bolus dose cyclophosphamide is an effective long-term chemotherapy treatment strategy. Cancer Res 65(16):7045-51.
Shaked Y, Emmenegger U, Man S, Cervi D, Bertolini F, Ben-David Y, and Kerbel RS. 2005b. Optimal
biologic dose of metronomic chemotherapy regimens is associated with maximum antiangiogenic activity. Blood 106:3058-3061.
Shimizu K and Oku N. 2004. Cancer anti-angiogenic therapy. Biol. Pharm. Bull. 27(5):599—605.
Snow ET, Sykora P, Durham TR, and Klein CB. 2005. Arsenic, mode of action at biologically plausible low doses: What are the implications for low dose cancer risk? Toxicology and Applied
Pharmacology 207:S557 – S564.
Soucy NV, Ihnat MA, Kamat CD, Hess L, Post MJ, Klei LR, Clark C, and Barchowsky A. 2003. Arsenic
stimulates angiogenesis and tumorigenesis in vivo. Toxicological Sciences 76:271–279.
Stumpf WE. 2006. The dose makes the medicine. Drug Discoy Today 11(11-12):550–555.
Tassinari D, Poggi B, Fantini M, Tamburini E, Nicoletti S and Sartori S. 2006. Cost– opportunity
analysis in clinical oncology: from the “wild far-west” to a correct integration of the disciplines,
avoiding the “war of the worlds” letters to the editor 17(5):876-877.
Thayer KA, Melnick R, Burns K, Davis D, and Huff J. 2005. Fundamental flaws of hormesis for public health decisions. Environ Health Perspect 113:1271–1276.
Walchli D, Baumgartner S, and Bastide M. 2006. Effects of low doses and high homeopathic potencies in normal and cancerous human lymphocytes: An in vitro isopathic study. The Journal of
Alternative and Complementary Medicine 12(5):421-427.
WHO 2008. http://www.who.int/dietphysicalactivity/publications/facts/chronic/en/ (accessed on
June 17, 2008)

219

https://scholarworks.umass.edu/dose_response/vol7/iss3/4

12

Satti: Emerging low-dose therapy for advanced cancers

J. Satti
Yap R, Veliceasa D, Emmenegger U, Kerbel RS, McKay LM, Henkin J, and Volpert OV. 2005.
Metronomic low-dose chemotherapy boosts CD95-dependent antiangiogenic effect of the
thrombospondin peptide ABT-510: A complementation antiangiogenic strategy. Clin Cancer
Res 11(18):6678-6685.
Young SD, Whissell M, Noble JCS, Cano PO, Lopez PG, and Germond CJ. 2006. Phase II clinical trial
results involving treatment with low-dose daily oral cyclophosphamide, weekly vinblastine, and
rofecoxib in patients with advanced solid tumors. Clin Cancer Res 12(10):3090-8.
Yun AJ, Lee PY, and Bazar KA. 2005. Paradoxical strategy for treating chronic diseases where the therapeutic effect is derived from compensatory response rather than drug effect. Medical
Hypotheses 64:1050–1059.

220

Published by ScholarWorks@UMass Amherst, 2014

13

